In older adults the relationships between health, fall-related risk factors, perceived neighborhood walkability, walking behavior and intervention impacts are poorly understood. To determine whether: i) health and fall-related risk factors were associated with perceptions of neighborhood walkability; ii) perceived environmental attributes, and fall-related risk factors predicted change in walking behavior at 12 months; and iii) perceived environmental attributes and fall-related risk factors moderated the effect of a self-paced walking program on walking behavior. Randomized trial on walking and falls conducted between 2009 and 2012 involving 315 community-dwelling inactive adults ≥65 years living in Sydney, Australia. Measures were: mobility status, fall history, injurious fall and fear of falling (i.e., fall-related risk factors), health status, walking self-efficacy and 11 items from the neighborhood walkability scale and planned walking ≥150 min/week at 12 months. Participants with poorer mobility, fear of falling, and poor health perceived their surroundings as less walkable. Walking at 12 months was significantly greater in "less greenery" (AOR = 3.3, 95% CI: 1.11-9.98) and "high traffic" (AOR = 1.98, 95% CI: 1.00-3.91) neighborhoods. The intervention had greater effects in neighborhoods perceived to have poorer pedestrian infrastructure (p for interaction = 0.036). Low perceived walkability was shaped by health status and did not appear to be a barrier to walking behavior. There appears to be a greater impact of, and thus, need for, interventions to encourage walking in environments perceived not to have supportive walking infrastructure. Future studies on built environments and walking should gather information on fall-related risk factors to better understand how these characteristics interact.
Introduction
Over the past decade extensive research has been dedicated to the relationship between the built environment and walking (Sallis et al., 2012; Harris et al., 2013) . Relatively consistent associations between certain perceived and objectively measured neighborhood attributes (e.g., residential density, mixed land use, and perceived esthetics, and distance to destinations) and walking have been reported for children, adolescents and young and middle-aged adults (Ding et al., 2011; Saelens and Handy, 2008) .
However, according to systematic reviews (van Cauwenberg et al., 2011; Hanson et al., 2012) , in older populations (N60 years) the relationships between the same environmental attributes and walking have been inconsistent. A major limitation of the evidence accumulated to date is the preponderance of cross-sectional designs (van Cauwenberg et al., 2011) , which cannot investigate causality. Only three out of the 31 publications reviewed by van Cauwenberg et al. (2011) were longitudinal observational studies and their findings were inconsistent (Li et al., 2005; Lee et al., 2009; Michael et al., 2010) .
Randomized controlled trials (RCTs) that aim to increase physical activity among individuals can potentially afford new insights on the role of neighborhood attributes for several reasons. First, RCTs are longitudinal in nature and can identify neighborhood attributes at baseline which predict a change in walking duration, after accounting for the intervention effect. Second, the randomization process ensures a balanced distribution of walkability features between groups. Third, data from RCTs can be analyzed to determine whether the response to the intervention is moderated by attributes of participants' neighborhoods. To date, three RCTs involving older adults have examined environmental influences on physical activity. In a walking group intervention, perceived neighborhood problems (e.g., safety) attenuated the 6 months decline in walking observed in non-intervention communities (Michael et al., 2010) . On the other hand, contrary to expectations, one RCT reported that older women (50-75 years) who lived in neighborhoods with high mixed land use were the least active at the end of a 6-month intervention (Sallis et al., 2007) . Another RCT found that the effects of a lifestyle intervention for overweight men were apparent only for those in low walkable environments (Kerr et al., 2010) . None of these studies considered the participants' mobility status or their fear or risk of falling, factors that could affect their perceptions of their environment and thus may have confounded associations. Furthermore, given that objectively measured mixed land use was found to moderate functional disabilities in old age (Clarke and George, 2005) , it is possible that other features of the perceived environment would impact differentially on older adults' walking levels according to falls-related risk factors.
The present study is therefore aimed to determine whether: 1) health status and fall-related risk factors, specifically mobility status, fall history and fear of falling, were associated with perceptions of walkability; 2) perceived environmental attributes and fall-related risk factors predicted change in walking behavior at 12 months; and 3) environmental perceptions, fall history and fear of falling moderated the intervention effect on walking behavior.
Methods
Participants were community dwelling older adults (≥65 years) who enrolled in the "Easy Steps to Health" RCT that evaluated the effect of a home-based self-paced walking program on falls (primary outcome), walking and physical activity (secondary outcomes). The study protocol (Voukelatos et al., 2011) and main outcomes (Voukelatos et al., 2015) have been published elsewhere. The walking program did not significantly reduce falls (IRR = 0.88, 95% CI: 0.60-1.29) in the intervention group compared to the control group, but significantly increased walking and physical activity (median change 1.69 vs. 0.75 h/week, Cohen's D = 0.52) (Voukelatos et al., 2015) . The study was registered prior to commencement (ACTRN12610000380099), approved by the Research Ethics Review Committee of the Sydney South West Area Health Service, Eastern Zone (X08-0279 & HREC/08/RPAH/477) and all participants gave informed consent.
Participants were recruited through community advertisements and letters to those on the electoral roll of the state of New South Wales. Potential participants had a short telephone screening interview to determine eligibility. To be eligible, participants needed to be ≥65 years of age, physically inactive (b120 min/week), able to walk 50 m unaided, without medical issues that precluded regular physical activity, and without cognitive impairment (b7 on the Short Portable Mental Status Questionnaire) (Pfeiffer, 1975) and be able to read and speak English. Randomization to intervention and control arms (n = 386) took place after the baseline interviews.
Intervention
Participants in the intervention group received a sequential mailing of three manuals adapted from the Step-by-Step 3-month program (Merom et al., 2009 ) (sent at weeks 0, 12 and 24), a pedometer, and seven telephone coaching sessions, at weeks 1, 3, 6, 12, 16, 24, and 36 . The first manual (1-12 weeks) focused on accumulating walking time through a gradual increase of frequent short walks and the duration of walking according to the participant's ability. The second manual (weeks 13-24) focused on increasing walking intensity to a brisk pace. The third manual (weeks 25-48) was the maintenance phase and focused on strategies to maintain the level of health-enhancing walking (2.5 h/week) and strategies to manage setbacks and relapses. All guides included several environment-related tips such as safe conditions for walking, how to plan longer walking routes, and more. Participants were asked to record all walks and any falls experienced on a calendar that was mailed, monthly, to the research center in pre-paid envelopes.
Control group participants were requested not to change their physical activity habits during the study. They received health information on mental wellbeing, healthy eating and developing good sleeping habits, at the same time the intervention group participants received their walking manuals. They also received seven telephone calls in parallel to the intervention group, asking whether they received the education information. Control group participants were also required to record any falls they had on a calendar.
Perceived neighborhood walkability and walking outcomes
Perceived environmental attributes were measured with 11 items from the Australian version of the Neighborhood Environment Walkability Scale (NEWS-AU) (Cerin et al., 2008 ) (see Table 1 for item details). Responses to each item were measured with 4-point scales (strongly disagree = 1, somewhat disagree = 2, somewhat agree = 3, and strongly agree = 4). The NEWS-AU items were used as categorical variables computed in three ways. The 11 items were first summed (possible range 11-44) and dichotomized at the lowest quartile indicating "low walkability" (items 5, 9, and 11 were reversed to match a phrasing of high walkability). Second, the effect of each attribute on walking levels was examined by collapsing the responses "strongly disagree" and "somewhat disagree" to form a single attribute to denote an unsupportive/supportive condition for walking. Last, we summed four walkability items into a previously identified 'pedestrian-oriented designs' subscale (Cervero and Kockelman, 1997) . Items included many places to go within easy walking distance, easy to walk to public transport, sidewalks on most streets, and existence of crosswalks and pedestrian crossing signals. This gave a score between 4-16, which was dichotomized at the bottom quartile. These items had high internal consistency (Cronbach's alpha = 0.71).
Planned walking (i.e., for exercise and recreation) and incidental walking (to get to places) in the past 7 days were measured with two separate questions from the Incidental and Planned Exercise Questionnaire (IPEQ), specifically developed for older adults (Delbaere et al., 2010) . Participants were asked about the number of days and total time spent per day on these walks. Answers were close-coded in defined intervals of frequency (i.e., 0 days, 1-2 days a week) and duration (i.e. b15 min/day, 15-29 min). Time spent on planned walking (hours/week) was calculated by multiplying the median values of the frequency and duration categories. The criterion validity of these questions combined was fair (Spearman's rho = 0.35) (Merom et al., 2014) . A categorical measure of 'regular walking' was defined as meeting the physical activity guidelines for older adults (i.e., ≥2.5 h/ week) (Nelson et al., 2007) .
Health and fall-related measures
Perceived health status was measured by the question "how would you rate your current level of health for someone your age (excellent/ very good/good/fair/poor?)" (Richardson et al., 2004) . Responses were dichotomized to fair/poor, or above. Low mobility was defined as less than 15 min before a rest is needed, based on the question "On an average day, how long can you walk before you need a rest?" Walking selfefficacy was measured by participants' rating of "how confident are you that you can walk on at least three days per week continuously at a brisk pace for 10, 20, 30, 40, 50, and 60 min" (Nagel et al., 2008) .
Fall history was assessed by questions of "How many times did you fall in the past 12 months?", and "Did you have any injuries as a result of any of these falls?" The confidence in one's ability to not fall, defined here as fear of falling (FOF), was assessed using the short form of the Falls Efficacy Scale-International (FES-I), which is a 16-item questionnaire that has acceptable reliability and construct validity (Kempen et al., 2007) . The degree of concern was measured on a scale from 1 to 4 with 1 being "not at all concerned" and 4 being "very concerned". We calculated the overall score by summing responses over the 16 items and dichotomized the score at the highest quartile, indicating concern. We also calculated separate scores for concern of falling in indoor (i.e., 7 items such as cleaning the house, getting in or out of a chair) and outdoor activities (i.e., 9 items, such as going up or downs stairs, walking in a place with crowds, walking on an uneven surface) The indoor and outdoor scores were dichotomized at the highest quartile, indicating concern.
Demographic information (age, gender, main language spoken at home, employment status, and living arrangement) was also collected at the baseline interview.
Statistical analysis
The associations between low perceived walkability (i.e., lowest tertile on the walkability scale) and self-rated health, mobility, walking self-efficacy, fall history and FOF were examined in bivariate analyses using baseline data. Generalized linear models (GLM) with binomial distribution were performed to identify significant predictors (longitudinal analysis) of 'regular walking' at follow-up (main effect models). The likelihood ratio statistics was used to eliminate non-significant variables, with a p-value set b 0.250 to allow for confounding. Finally, the modifying influence of FOF, recurrent falling (≥2 falls), unsupportive environments (i.e., lower tertile), and the subscale pedestrian-oriented design on the intervention outcome were tested using interaction terms in negative binomial regression models with the rate of falls as the outcome (main and interaction effects model). All models (including unadjusted) used 301 participants due to missing data on any covariates (see legend Table 1 ). Analyses were conducted with SAS version 9.3.
Results
The average age of study participants was 73.2 years (range: 65-90 years). Few participants were concerned about falling (Table 1) as indicated by the low mean score on the FES-I of 20.4 (maximum score was 64). As well, most study participants reported living in walkable neighborhoods with a mean score of 37 out of 44 (most walkable), the median was 38 and the lowest quartile value was 34. There were no significant differences in walkability measures between the control and intervention groups (Table 1) although there were marginal differences in the proportions who "strongly disagreed" or "disagreed" that the traffic in their neighborhoods makes it difficult to walk (26.0% vs. 17.9%, p = 0.085).
At baseline, there were significant positive associations between perceived low walkability and participants' poor health status, mobility status, falls and injury history and FOF (Fig. 1) . For example, higher proportions of participants who perceived their health as poor, who were not able to walk 30 min without stopping, who fell or injured themselves before the intervention started, or who had low efficacy for brisk walking, were in the category of low walkability. FOF was negatively associated with neighborhood walkability; participants who had greater FOF perceived their neighborhoods to have lower walkability (Fig. 1) . When examining the relationship between specific walkability attributes and sub-categories of FOF (data not shown), those having a greater concern of FOF indoors and FOF outdoors were more likely to have lower perceptions of destinations within short walking distance or ease of walking to public transport (p b 0.01) and the highest quartile of FOF outdoors was associated with a greater proportion perceiving "too much traffic that makes it difficult to walk" (p = 0.02).
Predictors of regular walking: at 12 months, intervention participants were more than twice as likely to be regular walkers as the control participants (OR = 2.29, p b 0.01) (Table 2, 1st column). The lowest quartile of walkability at baseline (data not shown) had no significant effect on the proportion of 'regular walking' (OR = 0.88, p = 0.627) compared to the other quartiles for all participants. Examining each walkability attribute as a predictor of regular walking revealed that not having many places to go within easy walking distance nearly halved the likelihood of being a regular walker (OR = 0.55, p = 0.04), and, against expectations, low perceived greenery in the local area was associated with more than doubling the odds of regular walking (OR = 2.45, p = 0.04). Fair or poor self-rated health at baseline was significantly associated with decreased likelihood of regular walking (OR = 0.37, p b 0.01) and baseline self-efficacy for walking briskly at least 30 min was associated with a higher likelihood for regular walking. In multivariable analysis (Table 2 , 2nd column), after adjusting for intervention group, baseline walking, significant predictors of walking (self-efficacy, perceived health status), and confounders (recurrent falling, FOF, gender, age and education), the significant (p b 0.05) perceived walkability predictors for regular walking at follow-up were not reporting "lots of greenery around my local area" (AOR = 3.28, 95% CI: 1.09-9.88), feeling unsafe from crime (AOR = 0.31, 95% CI: 0.09-1.09) and reporting "so much traffic along nearby streets that it makes it difficult or unpleasant to walk" (AOR = 1.98, 95% CI: 1.00-3.91). Interestingly, recurrent fallers were twice as likely to be regular walkers at follow-up as those who did not experience multiple falls.
Neither FOF nor health status moderated the intervention effect (data not shown). There was also no significant interaction between the intervention group and any of the significant environmental predictors for 'regular walking' at follow-up, although the between-group differences in the proportion of regular walking at follow-up were greater in the lowest walkability quartile (25.3%) than in the higher combined (12.0%, p = 0.218 for interaction, data not shown). The 'pedestrian-oriented' subscale was a significant effect modifier (p b 0.036 for interaction). The intervention effect on regular walking at followup (Table 2 last row, Fig. 2 ) was significant only in low pedestrianoriented environments. The between-group difference in regular walking in the lowest quartile of pedestrian-oriented environments was 30.9% (p b .002), but not significant in the higher pedestrian-oriented environments (9.8%, p = 0.131).
Discussion
This study joins the few investigations that can support a temporal association between perceived walkability measured at baseline with a subsequent change in walking for exercise and recreation, and, to the best of our knowledge, this is the first study to examine the relationship between FOF and perceived walkability. We found that participants' health status, fall history and concern about falling were associated with perceptions of the environment, in particular in the rating of "easy walking distance" to destinations. While participants' perceptions of low safety from crime was the single environmental predictor that reduced the likelihood for regular walking, unexpectedly, perceived low greenery around the neighborhood and heavy traffic were associated with significantly higher levels of walking for exercise. The greater intervention effect in participants who perceived local walking infrastructure to be poorer points to the usefulness of the intervention. Participants in the control group significantly increased their walking for exercise, yet appeared only able to do so in pedestrian-oriented neighborhoods, defined here as perceived close-by destinations and public transport, existence of sidewalks, crosswalks and pedestrian signals. By contrast, the intervention group participants increased regular walking in both low and high pedestrian-oriented neighborhoods, which highlights the particular benefit of the Easy Steps to Health Intervention in situations of poor walkability.
FOF is recognized as a debilitating condition which is associated with reduced mobility and increased risk of admission to a nursing home (Cumming et al., 2000) . In the present study, FOF was strongly associated with perceptions of low walkability, which in turn can accelerate the process of reduced mobility. This is in line with previous studies which have shown that the neighborhood and home environment can speed up or slow down the disablement process (Clarke et al., 2008; Clarke et al., 2011) . For example, land-use diversity was linked to greater independence of older adults despite declining physical functioning (Clarke et al., 2011) . However, in the present study FOF was neither a predictor of walking at follow-up nor a moderator of intervention effectiveness. This can be explained by the very low proportion of participants who were concerned with falling. It is possible that had the sample been less homogeneous with a wider range on this measure we would have been able to clarify whether FOF is an intervening or moderating factor between neighborhood walkability and change in exercise walking. A previous study from Australia found that overweight and less physically active adults (≤65 years) were more likely to misperceive their objectively measured high walkable neighborhood as low walkable (Gebel et al., 2009) . Along these lines, it is possible that older adults who had fallen and suffer from FOF are more likely to misperceive their environment as less walkable than those who did not have such experiences. Unfortunately, the present study did not include objective measures of walkability to clarify the extent to which low walkability is a misperception or real. Regardless, it highlights the need to include FOF and past history of falls in further population-based investigations on the role of the environment in influencing walking. Some of the findings here are corroborated by qualitative research with older adults. In a recent review of 34 qualitative studies on built environments and physical activity in older adults, pedestrian infrastructure, safety (from traffic and crime), access to facilities, esthetics, and weather and air quality were identified as important factors influencing older adults' physical activity (Moran et al., 2014) . Similarly, in focus groups with US older adults, local shopping and services close-by, access to public transport, inadequate pedestrian infrastructure, and neighborhood attractiveness were mentioned as key attributes that influence active aging (Michael et al., 2006) . In a review of quantitative studies (van Cauwenberg et al., 2011) these attributes showed inconsistent associations in the six studies that specifically examined recreational and exercise walking, and of these only one employed a longitudinal design (Li et al., 2005) . That study in Portland, USA, tracked changes in walking following a community-based leader-led walking intervention and found that the perceived safety of the walking environment, and access to physical activity facilities were associated with the prevention of decline in recreational walking (Li et al., 2005) .
Control participants reported an increase in regular walking over the 12-month trial period. This has been observed previously, and can be attributed either to the Hawthorne effect (van Sluijs et al., 2006; Fernald et al., 2012) , or to self-motivation. The greater impact of the intervention in neighborhoods perceived as having low pedestrian-oriented design suggests that walking interventions with telephone support can attenuate the effect of some environmental attributes that act as barriers for daily walking in the "real world". Previously it was shown that in adults aged 30-64 recruited from all parts of New South Wales a pedometer-based walking intervention was effective only in less esthetically pleasing environments (Merom et al., 2009) . Taken together, both trials suggest that some unfavorable aspects of an environment can be overcome by effective interventions.
In line with the literature, low perceived health was shown to be the most important barrier to walking (Dawson et al., 2007) . However, against expectations, "recurrent fallers" were 2.6 times more likely to be classified as regular walkers at follow-up than those with one or no falls. This may be explained by the belief held in the older population that walking is an activity that can reduce risk of falls, reported by 82% of the participants in the New South Wales Older Adults Fall Prevention Survey (Centre for Health Advancement and Centre for Epidemiology and Research, 2010) . It may also reflect the increased exposure to fall hazards among regular walkers.
While the present study provides stronger quality of evidence to the many inconsistent cross-sectional investigations on environment and physical activity relationships among older adults, it is subject to some limitations. First, we used a selective sample recruited based on eligibility criteria which is not representative of the general older adult population. Further, the study area was limited to an urban region with low variability in perceived environmental attributes, as most of the participants lived in suburbs that are close to the center of Sydney, neighborhoods which are mostly high walkable (Mayne et al., 2013) . The homogeneity of the overall walkability score may have limited our ability to establish associations. Further, it may also explain unexpected results in relation to greenery; only 7% disagreed with the statement "there is lots of greenery in my neighborhood". Sydney metro has coastal areas and bays which may be less green, but attractive for exercise walking. In some studies using self-reported measures of the environment has been called a limitation. However, in line with socialcognitive theory (Bandura, 1986; Baranowski et al., 2002) , it has been argued that the association between neighborhood attributes and health behavior is mediated by environmental perceptions (Brug et al., 2006) , and some studies found stronger associations with physical activity for perceived than for objective measures of the environment (Gebel et al., 2009; Kirtland et al., 2003; Gebel et al., 2011) . Further, the narrow assessment of environmental attributes relative to the Australian NEWS (Cerin et al., 2008) limited our ability to better assess each construct. Last, our analysis may be subjected to spurious findings due to multiple testing and multiple interaction terms.
Conclusions
Although perceived neighborhood walkability can be shaped by health and fall-related risk factors, it may not pose a barrier for regular walking in a context of intervention. The intervention effect was significantly greater in low pedestrian-oriented environments. Future population-based studies on environments and walking should include information on fall-related risk factors to better understand how these person-level characteristics interact. Neither body had any role in the design, execution, analysis and interpretation of data, or writing of the study. 
